Urban sprawl places a major role in urban growth management all over the world. Urban growth of the city is analysed for the effective planning and improving the socio-economic conditions for decision making and the development of the city. In this study, the urban sprawl of Tiruchirappalli city is analysed from 2006 to 2017 using data of Indian remote sensing satellites, Resourcesat-1 and Resourcesat-2 with multi spectral band (red, green and near-infrared). The temporal change for four-time periods is calculated using object based image analysis temporal inversion approach. From 2006 to 2017 there is an increase in total urban area from 58km 2 to 90km 2 , resulting of 33% increment in 11 years. Shannon entropy is calculated for four-time periods and it shows that after 8 km from Central Business District (CBD), Shannon entropy is increasing and dispersion is high. The influence of roads on urban sprawl is calculated using buffer function analysis and the highest contribution among all the highways is by NH-67 and NH-210.The fractal analysis of the urban area for four-time period is performed and fractal dimension is calculated. Fractal dimension helps in measuring the space filling extent and urban growth complexity and is used to characterise the compactness of urban pattern and regularities of urban boundaries.The fractal dimension of Tiruchirappalli increases from 1.584 in 2006 to 1.639 in 2017.
INTRODUCTION
Tamil Nadu is one of the most urbanised states in India with 48.5% of the state population living in urban areas as per the census of (2011). Tiruchirappalli being the fourth largest city of Tamil Nadu, shows major urban growth in past two decades. The increase in population and unplanned development of urban structures results into problems like lack of availability of resources, infrastructures, services and facilities. Hence, population is moving away from the dense urban centres, towards the rural areas in the outer parts of the city. The dispersed development towards the rural areas along the highways in the vicinity of the city, leads to urban sprawl. The consequences of sprawling are change in land use and land cover of large agricultural fields, vacant lands and water bodies to urban areas that leads to many environmental problems (Radhakrishnan et.al., 2014) . In simple words, the increase in the population in an area or city and lack of resources makes people to shift towards outer parts of city in an unplanned manner leads to urban sprawl. One of the major factors of sprawling is industrialization, which contributes to the economy of the city. This drives people from other cities and towns to take benefit from the economy of the city. Understanding and identification of urban growth pattern and spatial and temporal changes in urban area; help in planning and development of infrastructures and facilities. The industrial market of Tiruchirappalli is very well established. In 1964, with the advent of one of the largest engineering and manufacture industries of India in integrated power plant equipment manufacturer, Bharat Heavy Electrical Limited (BHEL), advancement in modern industrialization took place in Tiruchirappalli. Many other small scale and large scale industries were developed fulfilling the need of paper mills, sugar mills and cement mills etc. The government took the initiation towards the growth of Information Technology sector in the city by development of first IT Park called, ELCOT IT Park. It opened the door for many reputed MNC's to city and significant contribution to the economy of the city. The Indian Ordnance Factories Board set up two defense bodies in the city namely, Ordnance Factory Tiruchirappalli (OFT) and Heavy Alloy Penetrator Project (HAPP). These industries are established in south eastern part of the city. These industries enabled Tiruchirappalli, to mark a significant place in the industrial market of the country. The city with major industries situated in eastern and southern part contributes the majorly to the urban development towards these directions.
The city is well connected to the nearby cities and states through roads, rail network and Airport facilities. Tiruchirappalli International Airport, being the second largest airport in Tamil Nadu after Chennai International Airport serving Tiruchirappalli and adjacent districts. It is located on NH-210 (Tiruchirappalli to Rameshwaram). The railway network of Tiruchirappalli has five branches which connect it to Chennai, Kanyakumari , Erode, Rameshwaram and Karaikal. This well connected railway station in central Tamil Nadu becomes important railway station in the southern railway network.
Through this study we are trying to analyse the urban sprawl of the Tiruchirappalli city of Tamil Nadu. The urban change detection for four years is done using remote sensing and GIS techniques. The object based image analysis temporal inversion approach is used for calculating the temporal and spatial changes in past one decade. Shannon's Entropy is used to study the dispersion of urban area for four-time period. The study also attempts to find out the factors responsible for urban sprawl and quantify its influence on the sprawling of the city. Among many factors, roads are one of the important factors responsible of urban sprawls. The Buffer function analysis is used for calculating the rate of change of growth along the roads and to quantify the influence of highways on urban growth. The Pearson correlation coefficient is used for finding out the correlation of growth along roads and the entire city. The analysis of urban land use and land cover for four years is done by using fractal analysis of the urban areas. The city is well connected to the major cities and states through roads, rail network and Airport facilities. The major National Highways such as NH38, NH67, SH22, NH45 and NH-210 passes through the city and connect to nearby cities and towns. The industrial market of the city is very well established and gives major contribution to the economy of the city. The city has residential and commercial area spread in the northern and southern part of the city. The old part of the city is congested with houses. 
STUDY AREA

Built-up Extraction and Change Detection
Multi temporal remote sensing data is used for extracting the built up area of the study area. All the satellite images are coregistered using the geo-coded ortho-rectified Resourcesat-2 LISS-4 images. Using the visual interpretation technique water bodies were manually digitized.
Object based image analysis (OBIA) approach is applied using nearest neighborhood classification with hierarchical multi-resolution segmentation to extract the built up area of the city (Jain and Sharma, 2018) . The object based temporal inversion is applied for change analysis of built-up area using eCoginition Developer 9.5 software (Trimble Documentation, 2015) . The built up area of the subsequent year will be more than that of previous year. The built-up area of 2017 is used for extracting the built-up area of 2014, and the latter is used as an input for extracting the built-up area of 2010. At last for finding the change from year 2006 to 2010, 2010 built-up area is used as an input for 2006 data.
Multi-resolution image segmentation is applied on the four scenes with scale parameter 30, weights of 0.7 and 0.3 for shape and compactness respectively. Training set of for four classes i.e. built-up area, built-up with vegetation, soil and vegetation is selected. The object based nearest-neighbor classification approach is applied using object features such as mean of all the layers, normalised vegetation index, standard deviation of each layer. The built-up area map generated for four years is mapped at the 1:25,000.
Spatial proximity analysis
To derive the influence of roads in the urban sprawl, spatial proximity analysis is done. A multiple buffer ring of 250m till the distance of 13000m is created around Central business district (CBD), assuming it on the centre most part of the city. Shannon's entropy and urban area are calculated for each zone to do a comparative growth analysis over a period of time. A 500m buffer along the major roads such as National Highways and State Highways is created along with 250m buffer around the CBD. The intersection of these two buffers helps in studying the influence of roads on urban sprawl. A unique identity is given to each buffered road and urban area is calculated for each buffered area along the road for every time period to quantify the contribution of each road in urban growth over a period as shown in Figure 2 . 
where, Pi, is the probability of variable occurring in the i th zone and n is the total number of zones. (Yeh and Li, 2001) The value of entropy varies from zero to log(n). The value of zero indicates that the distribution is very compact, and the value near to log(n) is highly disperse in nature. High value of entropy indicates occurrence of sprawl (Sudhira et.al., 2004) . Relative Entropy, also called Shannon equitability index, has great importance in measurement of diversity and similarity for spatial related issue in the field of biology, urban studies (Yeh and Li, 2001) . It is given by equation (2).
Fractal Analysis
The theory of fractals is coined by Mandelbrot (B.B and Mandelbrot, 1983) . Fractals are scale invariant, self-similar structures which can be expressed as the union of sets of each reduce copy of geometrically similar structure that forms the full set. Many natural objects such as clouds, coastlines, mountains having non smooth shapes shows fractal nature. The fractal nature of city is a valuable input for studying the characteristics of a city. Fractal dimension quantifies the The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-5, 2018 ISPRS TC V Mid-term Symposium "Geospatial Technology -Pixel to People", 20-23 November 2018, Dehradun, India fractal characteristics of the city (Batty and Longley, 1994) . One of the methods of determining the fractal dimension is box counting method. Box counting method is mathematically defined as in equation (3) , D is defined as the box dimension of F (Ye and Chen, 2001 ).
The fractal dimension is given by the slope of the straight line formed by plotting ln N(δ) and ln (1/δ), (known also as the Richardson-Mandelbrot plot (Falconer,1985) . If the trend is linear, the observed object is assumed to be fractal (Ge and Lin, 2009 ). For a 2-dimension image the value of slope is in the range between 1 and 2 which infer that it lies between the straight line and a line that is wiggly enough that it covers a 2-dimension space. The steeper the slope of the straight line, the more 'fractal' an object is and it gain complexity with the decrease in the size of the box.
The extracted vector data of built-up area for four years, 2006, 2010, 2014 , and 2017 is converted into 2-state image with value 1 assigned for urban areas and 0 for non-urban areas. The corresponding image for four years is used for finding the fractal dimension of study area for each year. These four images are exported in MATLAB. The image size is padded to nearest 2 n x 2 n image (for e.g. image of size 312 x 200 image is changed to the dimension of 512 x 512). Two type of box counting method are there for estimating the fractal dimension of the study area: (Benguigui et.al., 2000) one to fix the size of the largest box and other to have a variable size of the largest box covering the study area (Clark,1951) . In this study, a fix size largest box is used for all the years for comparison purpose. We need to count the number of non-zero submatrixes divided by 2 n using a recursive algorithm. Initially the image is sub-divided into four equal sub-images and the number of non -zero sub-matrixes of each sub-image divided by 2 n-1 is calculated. Their sum is the number of the superior image. The process is repeated till n=1, when no there is no submatrix left. (M. and Lin, 2009).
RESULTS
The urban area of the city is spread in total 58 km Shannon's entropy was calculated from the built-up area for each individual zone (n=52). The value of entropy for Tiruchirappalli for 2006 was 3.85 and for 2017 was 3.88 while log(n) for n=52 value is 3.95. The value of entropy is close to log(n) hence it shows high degree of dispersion in urban areas in the study area. The graph in Figure 4 shows that there is a disperse growth from 8 to 9 km from the city center and it became more dispersed as we move away from the city. The Relative Shannon's Entropy in urban area for each zone is calculated for four time periods and it shows a monotonically increasing behavior after 8 km, hence the urban growth is observed in the outer part of the city. 
CONCLUSION
In this study, urban sprawl analysis of Tiruchirappalli city is analysed. Urban sprawl is observed at the outer part of the city.Using Shannon entropy, high dispersion is found after 8km from Central Business District.Tiruchirappalli shows the linear urban growth. The city is expanding along the highways away from the dense urban patch. A high corelation is found between the growth along the roads and the urban growth of the entire city.Tiruchirappallii city is fractal in nature. The The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-5, 2018 ISPRS TC V Mid-term Symposium "Geospatial Technology -Pixel to People", 20-23 November 2018, Dehradun, India fractal dimension of the city increases with time and with increase in space filling extent of the city. The local farctal dimension of the city is within the error range. This study helps in understanding the urban growth pattern of Tiruchirappalli and the factors influencing in the urban growth.
